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Abstract 
 
Trends in Sugar-sweetened Beverage Intake  
by Middle School Students in the HEALTHY Study 
Elizabeth L. McManus 
 
 
 
 
BACKGROUND: Sugar-sweetened beverage consumption has been linked to 
health issues, such as obesity and type 2 diabetes mellitus. Adolescents in the 6th 
through 8th grades are at increased risk for heavy consumption, due to peer 
influences and increased purchasing power. The purpose of the present study 
was to analyze sugar-sweetened beverage intake by students in the HEALTHY 
Study. METHODS: Multivariate analyses of variance were performed to assess 
differences in the frequencies of total sugar-sweetened beverage intake, as well 
as of chocolate milk, soda, Kool Aid, and Tang consumption, among 4,603 
students in the HEALTHY Study. RESULTS: All students had a significantly 
higher mean intake of soda (P<0.0001) and Kool Aid (P<0.0001), and a 
significantly lower intake of Tang (P<0.0001), in 8th grade compared to 6th grade. 
Students in control schools had a lower intake of soda and Kool Aid in 6th grade 
and a higher intake of these beverages in 8th grade, compared to students in 
intervention schools. CONCLUSIONS: These findings may offer support for the 
effectiveness of the HEALTHY programming in influencing healthier behaviors 
in intervention schools. However, our results suggest that school-based nutrition 
interventions do not have a meaningful impact on behaviors involving sugar-
sweetened beverage intake. 
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CHAPTER 1: INTRODUCTION 
 
The link between sugar-sweetened beverage consumption and adverse 
health effects remains a hot topic of research and a controversial subject of local, 
statewide and national policy. Evidence indicates strong correlations between 
drinking large amounts of sugar-sweetened beverages and the development of 
obesity, type 2 diabetes mellitus, and related health problems.1,2,3,4,5,6,7,8,9 
Individuals of low socioeconomic status (SES), as well as certain racial/ethnic 
populations, may consume more sugar-sweetened beverages on average, and 
thus, be at an even higher risk for these health problems.10 In addition, trends in 
consumption differ by region, state, city, and even neighborhood across the 
United States.11 As a result of this evidence and the public health implications, 
policy makers and health officials have made efforts to limit sugar-sweetened 
beverage availability and consumption.12 These efforts have varied in scope and 
complexity and continue to influence patterns of sugar-sweetened beverage 
intake and related health effects.  
The health problems that may result from excessive sugar-sweetened 
beverage consumption and the efforts to reduce consumption and access to 
these beverages are especially visible in the adolescent population and the 
school environment. In light of the prevalence of childhood obesity, the 
association between sugar-sweetened beverage consumption and weight gain 
has led to a multitude of efforts to limit the availability and consumption of 
sugar-sweetened beverage in the school-age population.13,14 Nonetheless, these 
efforts have differed across states and school districts, and may therefore have 
varied effects on sugar-sweetened beverage consumption and availability 
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trends. The present study aims to assess the variability in sugar-sweetened 
beverage consumption by adolescents enrolled in 42 different schools in seven 
cities across the United States. Methodology of this study included a secondary 
data analysis of variables collected from the three-year HEALTHY Study.15 The 
HEALTHY Study was a multi-dimensional program that targeted risk factors 
for type 2 diabetes mellitus in children at high-risk for type 2 diabetes mellitus, 
from racial/ethnic and socioeconomic groups. The focus of this thesis will be on 
the sugar-sweetened beverage consumption of the middle-school children who 
participated in the HEALTHY Study. 
The HEALTHY study provides an ideal dataset for an analysis of 
variability in adolescent sugar-sweetened beverage intake, because this 
intervention followed 4,603 students from 6th to 8th grades in seven different 
areas of the United States. The field centers that participated in the HEALTHY 
Study were managed by a university in the area and included the following: 
Baylor College of Medicine, Houston, Texas; University of California at Irvine, 
California; University of North Carolina, Chapel Hill, North Carolina; Oregon 
Health and Science University, Portland, Oregon; University of Pennsylvania 
and Temple University, Philadelphia, Pennsylvania; and University of Texas 
Health Science Center, San Antonio, Texas. The Coordinating Center for the 
HEALTHY Study was George Washington University in Washington, D.C. 
Each site included three intervention schools and three control schools, for a 
total of 42 participating schools. Baseline measurements of students in 6th grade 
began in 2006 and final measurements were conducted in the same children in 
8th grade in 2009. Although many measurements were taken during the three-
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year intervention, the main outcome measures that were collected in both 
control and intervention schools (n=4,603) were body mass index (BMI), waist 
circumference, and fasting glucose and insulin concentrations.15 
In addition, students in both control and intervention schools completed 
food frequency questionnaires at the beginning of 6th grade and end of 8th grade. 
These questionnaires included a number of questions about sugar-sweetened 
beverage intake, and thus provide the data of interest for the present study. 
Following the completion of baseline measurements, students enrolled in 
intervention schools received ecological programming focused on changes in 
nutrition intake (e.g., via changes in the cafeteria and vending machines), 
physical activity (e.g., via changes in physical education classes) and health 
behavior changes (e.g., via changes in health classes) during 6th, 7th, and 8th 
grades.15 
Specific Aims and Hypotheses 
Specific Aim 1: To assess if the mean frequency of sugar-sweetened beverage 
intake by adolescents varies significantly by grade and/or each school’s 
designation as an intervention or control school. 
Hypothesis 1: It is hypothesized that the mean frequency of sugar-sweetened 
beverage intake by adolescents will decrease from 6th to 8th grade, but will not 
vary by each school’s designation as an intervention or control school.  
Specific Aim 2: To assess if the mean frequencies of different types of sugar-
sweetened beverages consumed by adolescents (chocolate milk, soda, Kool Aid, 
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and/or Tang drinks) vary significantly by school and/or each school’s 
designation as an intervention or control school at the beginning of 6th grade.  
Hypothesis 2:  It is hypothesized that the mean frequencies of different types of 
sugar-sweetened beverage intake by adolescents will vary significantly by 
school, but not by each school’s designation as an intervention or control 
school, at the beginning of 6th grade.  
Specific Aim 3: To assess if the mean frequencies of different types of sugar-
sweetened beverages consumed by adolescents (chocolate milk, soda, Kool Aid, 
and/or Tang drinks) vary significantly by school and/or each school’s 
designation as an intervention or control school at the end of 8th grade. 
Hypothesis 3:  It is hypothesized that the mean frequencies of different types of 
sugar-sweetened beverage intake by adolescents will vary significantly by 
school, but not by each school’s designation as an intervention or control 
school, at the end of 8th grade. 
Significance of Specific Aims  
Why measure how sugar-sweetened beverage intake by children in the 6th 
through 8th grades differs by school? 
 In response to the increasing prevalence of health issues associated with 
excessive sugar-sweetened beverage intake, especially in children and 
adolescents, policy makers and health officials have attempted to encourage 
decreased intake. Large-scale interventions, such as statewide soda taxes, have 
been unsuccessful at reducing intake and preventing weight gain.16,17,18 
Conversely, school district bans or policies on sugar-sweetened beverage 
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availability, as well as tailored nutrition education programs, have had mixed 
effects on intake.14,19,20,21,22,23,24,25,26 Some school populations have responded 
positively to school-wide bans, strict policies, or nutrition education, and have 
experienced a decrease in sugar-sweetened beverage intake, while others have 
not. Current literature supports school policies that reduce exposure to sugar-
sweetened beverages and tailored education programs that focus on decreasing 
intake as two of the most effective interventions.13,14 Thus, understanding how 
sugar-sweetened beverage intake and the effectiveness of interventions aimed 
at reducing consumption vary by school is pivotal to developing appropriate 
responses. Small-scale, tailored interventions that consider a school’s intake 
trends and responses to previous efforts may be the most effective way of 
addressing excess sugar-sweetened beverage consumption and resulting health 
issues in the child and adolescent population, especially in light of failed 
attempts on the large-scale.  
 These small-scale efforts to reduce sugar-sweetened beverage intake may 
be the most influential due to the strong effect of the neighborhood 
environment on children and adolescents. Carroll-Scott and colleagues27 
analyzed neighborhood influences on eating habits of 1,048 children 10.9 ±	0.75 
years in New Haven, CT, and reported a significant association between higher 
BMI and living more than a half mile from the nearest grocery store (P<0.01). 
The results of this research also indicated a significant association between 
unhealthy eating and a greater density of fast food restaurants in a 
neighborhood, less neighborhood social ties, and less concentrated affluence 
(P<0.05 to P<0.001). Such associations suggest the possibility of substantial 
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neighborhood influence on student dietary behaviors, such as sugar-sweetened 
beverage intake. Based on this possibility, intake may vary by school, since 
school populations are often reflective of the neighborhood in which they are 
located. 
While research on the differences in adolescent sugar-sweetened 
beverage intake on the small-scale may be pivotal to the development of 
interventions, current literature lacks such information. In fact, insight about 
school trends of sugar-sweetened beverage consumption among children and 
adolescents can only be derived from research on factors other than the school 
environment. These factors include: race/ethnicity, SES, and level of education. 
Han and Powell10 performed cross-sectional analyses of 24-hour dietary recall 
data, demographic characteristics, and SES information from children (2 to 11 
years of age, n=8,627), adolescents (12 to 19 years of age, n=8,922), young adults 
(20 to 34 years of age, n=5,933), and adults (35 years of age and older, n=16,456) 
who completed the 1999 to 2008 National Health and Nutrition Examination 
Surveys (NHANES). They reported that black children consumed more sugar-
sweetened beverages than white children (Odds Ratio [OR]=1.30); young adults 
of low-education had a higher intake than those with high education (OR=1.62); 
and, low-and middle-income young adults and adults had a higher likelihood 
of drinking more sugar-sweetened beverages than high income individuals 
(OR=1.47, 1.43, respectively).10 While associations between education and 
income level and sugar-sweetened beverage intake only exist at the young 
adult and adult levels, such correlations may be applicable to children and 
adolescents who live in households or neighborhoods of low-income and 
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education. Existing information about the influence of race/ethnicity, SES, and 
education on sugar-sweetened beverage intake, as well as the demographic 
profiles of each HEALTHY field center, informed the hypotheses of the present 
study.  
Why study sugar-sweetened beverage consumption from a large database from 
an ecological intervention (the HEALTHY Study) that promoted healthy 
eating and physical activity in students from the 6th through 8th grades?  
 Based on current literature, sugar-sweetened beverage policies and 
interventions that promote healthy lifestyles and reductions in sugar-sweetened 
beverage intake targeted at school-age children and adolescents are two of the 
most effective ways to significantly reduce sugar-sweetened beverage  
consumption.13,14 Johnson et al.13 analyzed data from self-administered Beverage 
and Snack Questionnaires completed by 9,151 students, from 64 middle schools, 
in 28 school districts across the United States (U.S.). They reported that sugar-
sweetened beverage exposure in the school environment is a significant 
predictor of sugar-sweetened beverage intake (P<0.001).13 The researchers also 
reported that school district sugar-sweetened beverage policy was the most 
significant predictor of sugar-sweetened beverage exposure, and thus, had a 
considerable effect on sugar-sweetened beverage  consumption (P<0.0002).13  
 Aside from school district or local sugar-sweetened beverage policies, 
targeted interventions have had a significant effect on the decline of sugar-
sweetened beverage intake in schools. In a systematic review of studies, where 
trials were implemented to reduce sugar-sweetened beverage consumption in 
children and teenagers, Bostock and McCullough highlighted a significant 
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decline in sugar-sweetened beverage intake in six of eight studies (P<0.05), but 
also suggest that these declines were best sustained when the interventions 
emphasized water intake and provided alternative drinks.14  
 While evidence exists for the effectiveness of school sugar-sweetened 
beverage policies and targeted interventions on the reduction of consumption, 
gaps in the literature remain. Specifically, there is a need for more research on 
the effect of interventions on sugar-sweetened beverage consumption in schools 
with populations at high-risk for adverse health implications correlated with 
high sugar-sweetened beverage intake. These populations include Black or 
Hispanic students, those of low SES, and population groups that vary in size 
depending on the neighborhood and school. This need emphasizes the 
importance of the present study, because the results may inform the 
development of even more effective, school-tailored sugar-sweetened beverage 
policies and interventions that could contribute to an ultimate decline in sugar-
sweetened beverage intake and related health problems in at-risk populations. 
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CHAPTER 2: LITERATURE REVIEW 
Definition of Sugar-sweetened Beverages 
According to the 2010 United States Department of Agriculture (USDA) 
Dietary Guidelines for Americans, sugar-sweetened beverages are defined as 
“liquids that are sweetened with various forms of sugars that add calories.”28	
The 2015 Dietary Guidelines further clarify this definition by identifying types 
of added sugars: brown sugar, corn syrup, dextrose, fructose, high-fructose 
corn syrup, honey, invert sugar, lactose, malt syrup, maltose, molasses, raw 
sugar, sucrose, trehalose, and turbinado sugar.29 Some studies referred to in the 
review of the literature may include additional types of sugar-sweetened 
beverages, and thus, every drink included in a researcher’s definition of sugar-
sweetened beverages is referred to as a sugar-sweetened beverage in the 
present chapter. A list of beverages that will be part of the definition of sugar-
sweetened beverages for the present study is detailed in Chapter 3.  
Definitions of heavy or excessive sugar-sweetened beverage intake vary 
across the literature. In previous studies, Han and Powell10 defined heavy 
consumption as 500 kilocalories (kcal) or more of sugar-sweetened beverages 
over 24 hours. Rehm and colleagues30 indicated frequent intake as one or more 
12-ounce servings per day. Hafekost et al.31 identified heavy consumers as those 
who consumed more than one third of their daily beverage energy intake from 
sugar-sweetened beverages.  
Health Risks of Sugar-sweetened Beverages 
 Possible adverse health effects of consuming sugar-sweetened beverages 
on a regular basis include: increased risk of overweight and obesity, type 2 
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diabetes mellitus, metabolic syndrome, cardiovascular events such as stroke 
and myocardial infarction, elevated blood pressure, elevated blood lipid 
concentrations, and elevated blood glucose concentrations.1,2,3,4,5,6,7,8,9 These 
correlations suggest serious health risks from excessive sugar-sweetened 
beverage intake on both an individual and public health level. According to 
Han and Powell, excessive consumption is classified as greater than or equal to 
500 kcal from sugar-sweetened beverages in a 24-hour period.10 While arguably 
more research exists on the correlation between sugar-sweetened beverage 
intake and health issues in adults, partially because of the desire to assess how 
prolonged intake of sugar-sweetened beverage affects health later in life, some 
researchers have addressed the link between sugar-sweetened beverages and 
health problems in childhood and adolescence. Both populations are of interest 
for this literature review, because individuals of all ages are susceptible to the 
effects of sugar-sweetened beverage intake. Furthermore, overall health trends 
that result from sugar-sweetened beverage intake can inform speculations 
about specific populations. Research on disparate effects of sugar-sweetened 
beverage intake on certain populations will also be discussed in detail.  
 Perhaps the most significant effect of excessive sugar-sweetened 
beverage intake is increased risk of overweight and obesity, since weight gain 
heightens the risk of most, if not all, of the previously mentioned health 
problems. Overweight and obesity result from excessive energy intake that 
occurs with the consumption of extra kilocalories (kcal), often in the form of 
added sugar. In fact, data from the 1999 to 2000 National Health and Nutrition 
Examination Survey (NHANES) identify regular soft drinks and cakes, sweet 
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rolls, doughnuts, and pastries, foods with significant amounts of added sugar, 
as the top foods contributing to increased energy intake in the U.S. population.32 
Specifically, sugar-sweetened soft drinks contributed to 8% of the overall 
energy intake of adolescents, according to NHANES data from 1988 to 1994.33 
 Since sugar-sweetened beverages have been identified as the primary 
contributor to excess energy intake in the U.S., they are also considered to play 
an integral role in the development of overweight and obesity, as evidenced in 
a number of studies. Schulze et al.34 examined sugar-sweetened beverage intake 
and weight gain in 51,603 women, 36.4 ± 4.6 years of age, at baseline. The 
researchers reported that women who increased their sugar-sweetened 
beverage intake from less than once per day to more than once per day in two, 
four-year periods, experienced significant (P<0.001) weight gain (4.20 to 4.69 
kilograms [kg]) and increases in body mass index (BMI) (1.53 to 1.72 kg/meter 
[m]2) compared to women who reduced their intake or maintained a low intake 
of sugar-sweetened beverages. The women who consumed more sugar-
sweetened beverages had a resulting increase in energy intake of 358 kcal/day, 
offering support for the correlation between excess energy intake from added 
sugars in sugar-sweetened beverage intakes and weight gain.34 Liebman et al.35 
indicated similar correlations between increased sugar-sweetened beverage 
intake and weight gain. These researchers investigated dietary intake behaviors 
that served as independent predictors of overweight and obesity, after 
controlling for physical activity and sociodemographic variables in a 
population of adult males and females (n=1,817), 18 to 99 years of age, in rural 
areas of Wyoming, Montana, and Idaho. The researchers reported sugar-
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sweetened beverage intake as a significant predictor of overweight and obese, 
as measured by BMI (P<0.001).35  
 Research on the link between sugar-sweetened beverage intake and 
overweight and obesity in children and adolescents has produced evidence 
similar to the results of studies with adult participants. For example, Ludwig 
and colleagues36 performed an observational analysis where they examined 
sugar-sweetened beverage intake in 548 children, 11 to 18 years of age, enrolled 
in four different Massachusetts public schools. They concluded that each 
additional serving of sugar-sweetened beverage increased the frequency of 
obesity by 9.3% over 19 months (P=0.02).36 In another study on the sugar-
sweetened beverage intake of children in Navarra, Spain, researchers analyzed 
food frequency questionnaires of 174 obese children, 5.5 to 18.8 years of age, 
and found a significant (P=0.01) association between consumption of over four 
servings of sugar-sweetened beverages per week and obesity. Additionally, the 
results of this research suggested a correlation between each additional serving 
of sugar-sweetened beverages and a 69% increase in the risk of obesity 
(P=0.03).37  
 Other researchers have examined the effects of sugar-sweetened 
beverage intake on type 2 diabetes mellitus. Montonen et al.38 examined the 
dietary history of 4,304 men and women, 40 to 69 years of age. The researchers 
reported a significant correlation of increased risk for type 2 diabetes mellitus 
with greater intakes of sweetened berry juice and soft drinks (P=0.06).38 Schulze 
and colleagues34, assessed the sugar-sweetened beverage intake of women, 36.4 
± 4.6 years of age at baseline. They reported that women who drank one or 
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more sugar-sweetened beverages per day in a four-year period had a higher 
relative risk (RR) of type 2 diabetes mellitus (RR = 1.83; P<0.001) compared to 
women who had less than one sugar-sweetened beverage per month.34 
O’Connor et al.39 reported similar results; however, they focused on diabetes 
incidence rather than diabetes risk. They reported a positive linear association 
(P<0.001) between total sugar-sweetened beverage intake and incidence of type 
2 diabetes mellitus in a population of 248,264 adults, 58.7 ± 9.3 years of age. 
Furthermore, each 5% increase in sugar-sweetened beverage intake led to an 
18% increase in the incidence of type 2 diabetes mellitus, after adjusting for 
potential confounders, such as age, sex, social class, education level, and 
physical activity level.39 While the research on the correlation between sugar-
sweetened beverage intake and type 2 diabetes mellitus in adults provides 
substantial support for this link, studies on this relationship in children and 
adolescents is scarce.  
 Related to the incidence of type 2 diabetes mellitus, sugar-sweetened 
beverage intake has also been associated with an increased risk of the Metabolic 
Syndrome. Dhingra et al.40 observed 6,039 adult participants, 52.9 years of age, 
enrolled in the Framingham Heart Study and who did not have the Metabolic 
Syndrome at baseline. The researchers assessed the presence of metabolic risk 
factors in participants, as well as their intakes of sugar-sweetened beverages 
from 1998 to 2001. After adjusting for age, sex, physical activity, smoking, and 
energy intake, the prevalence of the Metabolic Syndrome was higher among 
individuals who consumed one or more soft drinks per day over the course of 
three years, than those who drank less than one per day.40  
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 With respect to consumption of sugar-sweetened beverages and the 
Metabolic Syndrome in adolescents, Chan et al.41 studied 3,784 adolescents, in 
grades 7 through 9, at 36 schools in Southern Taiwan, from 2007 to 2009. The 
researchers administered food frequency questionnaires that included 
questions on the intake of soft drinks, fruit drinks, and sweetened teas. They 
also obtained measurements of height, body weight, waist circumference, and 
blood pressure. They also collected blood samples to analyze lipid profiles. The 
researchers reported that boys who consumed more than 500 milliliters (mL) of 
sugar-sweetened beverages every day had a 10.3-fold increased risk of the 
Metabolic Syndrome (P<0.007).41 They also had a significantly larger waist 
circumference (P=0.011) and lower concentrations of high density lipoprotein 
cholesterol (HDL-C) (P=0.067) compared to boys who did not drink sugar-
sweetened beverages.41 In addition, girls who drank more than 500 mL of 
sugar-sweetened beverages per day had significantly larger waist 
circumferences (P<0.001) than those who did not drink any of these beverages.41 
 In addition to researchers who have studied metabolic risk factors 
related to overweight and obesity, type 2 diabetes mellitus, and the Metabolic 
Syndrome, some researchers have also focused on vascular events related to 
sugar-sweetened beverage intake. Chen et al.42 analyzed of blood pressure and 
dietary intake of 810 adults, 25 to 79 years of age, who participated in an 18-
month behavioral intervention trial. They reported that decreased sugar-
sweetened beverage intake by one serving per day correlated to significant 
reductions (P<0.001) of 1.8 millimeters of mercury (mm Hg) and 1.1 mm Hg in 
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systolic and diastolic blood pressure, respectively. This relationship remained 
significant (P<0.05) even after adjusting for weight change.42  
Initial support for the correlation between sugar-sweetened beverage 
intake and elevated blood pressure in adolescents was derived from researchers 
who analyzed NHANES data from 1999 to 2004, for adolescents, 12 to 18 years 
of age.43 These researchers reported that z-scores for systolic blood pressure, 
defined as the deviation of systolic blood pressure from the age-specific 
population mean, increased by 0.17 from participants who consumed 0 ounces 
of sugar-sweetened beverages per day to those who consumed greater than 36 
ounces per day (P=0.03).43  
Related to analyses of the incidence of hypertension and sugar-
sweetened beverage intake, are studies where the researchers have examined 
the relationship between sugar-sweetened beverage intake and fatal and non-
fatal coronary heart disease in the form of myocardial infarctions. De Koning 
and colleagues44 analyzed data on 42,883 men, 40 to 75 years of age, from the 
Healthy Professionals Follow-up Study. With more than 22 years of follow-up, 
they reported that men, who consumed more than three sugar-sweetened 
beverages per week, had a 20% higher relative risk of coronary heart disease 
than those who never consumed sugar-sweetened beverages (P<0.01). 
Additionally, the researchers reported that an increase of one serving per day of 
sugar-sweetened beverages increased the risk of coronary heart disease by 19% 
(P<0.01).44 
In general, conclusions from research on sugar-sweetened beverage 
intake and health issues indicate significant correlations between excessive 
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consumption and increased risk and occurrence of overweight and obesity, 
type 2 diabetes mellitus, the Metabolic Syndrome and related metabolic risk 
factors, elevated blood pressure and coronary heart disease. The researchers 
also indicated a dose-response mechanism between sugar-sweetened beverages 
and adverse outcomes, suggesting that health risks increase with each 
additional serving.  
Influencing Factors on Sugar-sweetened Beverage Intake 
 Adverse health effects related to sugar-sweetened beverages are based 
on the level of intake, a factor that differs due to a variety of influences. General 
intake patterns, such as those connected with income level and race or ethnicity, 
may be demonstrated in certain environments, whereas other areas may reflect 
new or contradictory trends. Understanding the tendencies for sugar-
sweetened beverage consumption may help inform interventions and policies 
aimed at reducing intake and resulting health issues. Thus, this section aims to 
highlight trends for the overall U.S. population as well as for specific age and 
demographic groups.  
 Factors that influence sugar-sweetened beverage consumption include 
age, race/ethnicity, income level, place of consumption, food environment, and 
physical activity levels. In addition, levels of sugar-sweetened beverage 
consumption in the United States differ depending on the time period. In 
general, all Americans increased their consumption of beverages with added 
sugar from 3.1% to 6.1% during meal time, and 10.3% to 11.6% during snack 
time from 1977 to 1996, based on analysis of a nationally representative sample, 
2 years of age and older, who took the Nationwide Food Consumption 
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Survey.45 The results of this survey also indicate that children and young adults, 
2 to 39 years of age, consumed the most sugar-sweetened beverages on 
average.45 Additional examinations of NHANES data from 1988 to 2004 suggest 
similar trends, highlighting an increase in energy intake from sugar-sweetened 
beverages and 100% fruit juice among children and adolescents, 2 to 19 years of 
age. This increase was from 242 kcal per day in 1988 to 1994 to 270 kcal per day 
in 1999 to 2004, with an overall increase in adult sugar-sweetened beverage 
consumers from 58% to 63% of the surveyed population.46  
However, when data after 2004 is included, there is a decrease in overall 
sugar-sweetened beverage intake during the early 2000s at the brink of the new 
millennium. For example, researchers who further examined NHANES data 
from 1999 to 201047 and 2001 to 201048 found a decline in energy intake from 
sugar-sweetened beverages over 12 years by 68 kcal per day for youth and 45 
kcal per day for adults,47 and a decrease in the percentage of total energy from 
sugar-sweetened beverages from 24% to 21% over 10 years for children, 20 to 19 
years of age.48 Additionally, Han and Powell’s analysis of NHANES data from 
1999 to 2008 suggests a decrease in overall prevalence of sugar-sweetened 
beverage intake from 78% to 66% for children, and 87% to 77% for adolescents.10 
Overall, such analyses indicate an increase in sugar-sweetened beverage 
consumption from the 1970s through the late 1990s, followed by a decrease in 
the early 2000s to present day, and highlight children, adolescents, and young 
adults as the age groups with the greatest intake.  
 Aside from differences in sugar-sweetened beverage intake between age 
groups, research identifies consumption patterns based on race/ethnicity. For 
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example, Dodd and colleagues49 analyzed data from the 2004 to 2005 School 
Nutrition Dietary Assessment Study of 2,314 children, 1 to 12 years of age, at 
287 schools participating in the National School Lunch Program. The 
researchers found that non-Hispanic black elementary school students consume 
significantly more sugar-sweetened beverages than non-Hispanic white 
students, particularly at home (P<0.05).49  Furthermore, Han and Powell’s 
analysis of NHANES data from 1999 to 2008, revealed that African-American 
and Hispanic individuals were more likely to consume sugar-sweetened 
beverages compared to white individuals, as adolescents (OR=1.49 and 1.21, 
respectively), young adults (OR=1.88 and 1.39, respectively), and adults 
(OR=1.89 and 1.25, respectively).10 Additionally, Park and colleagues performed 
a cross-sectional analysis of data from the 2010 National Youth Physical 
Activity and Nutrition Study of 11,209 high school students.50 They identified 
non-Hispanic blacks as the population group most likely to consume sugar-
sweetened beverages three or more times per day, compared to white and 
Hispanic peers (P<0.05).50 Lastly, an examination of beverage consumption 
patterns of New York City adults produced related results, suggesting that, 
compared to whites, blacks, Puerto Ricans, and Mexicans were 3.1, 2.4, and 2.9 
times more likely to consume soda, respectively (confidence interval 
[CI]=95%).30 
 Just as racial/ethnic minorities, particularly black individuals, report the 
highest consumptions of sugar-sweetened beverages, individuals of low SES 
also engage in heavy intake. Additional results from Han and Powell’s study 
indicated that children of low-income are more apt to be heavy consumers of all 
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sugar-sweetened beverages than their peers of high-income, based on an odds 
ratio of 1.93.10 The results of the aforementioned analysis of sugar-sweetened 
beverage intake among New York City adults also emphasized the association 
between low-income and increased consumption.30 Individuals who earn less 
than 200% of the federal poverty level were considered 1.7 times more likely to 
frequently drink soda.30  
 Changing trends in sugar-sweetened beverage consumption have also 
been related to place of intake, suggesting that both home and external 
influences can affect the amount of sugar-sweetened beverages consumed by 
different populations. Limited research on this topic suggests the highest 
consumption of sugar-sweetened beverages occurs in the home during 
weekdays, and in fast-food restaurants on the weekends.50,51,52 Bleich and 
colleagues examined NHANES data from 1999 to 2004 for 20,844 children and 
adolescents, 2 to 19 years of age.51 They found that the surveyed population 
consumed 60% to 80% of energy from sugar-sweetened beverages at home, and 
only 14% to 15% of these kcal were obtained in a school environment.33 Based 
on data from 2003 to 2004, Bleich et al. 51 suggested that children and 
adolescents consume another 13.4% of sugar-sweetened beverage kcal at fast-
food restaurants, primarily from vending machines.  
The association between eating at fast-food restaurants and consuming 
sugar-sweetened beverages was also supported in research by Park and 
colleagues.50  In their study, high school students (n=11,209) were 1.25 (P<0.05) 
and 2.94 times (P<0.05) more likely to drink sugar-sweetened beverages three 
or more times a day if they ate at fast food restaurants one to two days per 
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week or three or more days per week, respectively.50 These results are 
corroborated by Weicha and colleagues52 from their analysis of baseline data of 
1,474 students in 6th and 7th grades, who were enrolled in an obesity 
intervention trial in 10 Massachusetts public schools. Weicha et al. 52 reported 
that, compared to no visits to fast-food restaurants, daily servings of sugar-
sweetened beverages increased by 0.13 with one fast-food visit a week (P=0.07), 
0.49 with two or three visits (P=0.0013), and 1.64 with four or more visits 
(P=0.0016).  
 The types of places available for sugar-sweetened beverage consumption 
depend on neighborhood food environments. Specifically, sugar-sweetened 
beverage intake may be impacted by a neighborhood’s built environment, or the 
physical structure, including types of retailers and stores; the socioeconomic 
environment, or the collective income and education levels that impact the 
quality of resources; and the social environment, or relationships, groups, and 
social ties.27 Considering the diversity of town and neighborhood environments 
within a state, and even within a county, sugar-sweetened beverage intake and 
other dietary behaviors seem bound to change across communities.  
 Support for the correlation between neighborhood-level influences and 
unhealthy dietary behaviors, including sugar-sweetened beverage 
consumption, comes from a variety of studies. Researchers have indicated that 
a neighborhood can both directly and indirectly affect sugar-sweetened 
beverage intake with the presence of risk factors for excessive consumption, 
such as fast-food restaurants and a built environment conducive to sedentary 
behavior.27 For example, Carroll-Scott and colleagues27 analyzed neighborhood 
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influences on eating habits of 1,048 children, 10.9 ±	0.75 years of age, in New 
Haven, Connecticut. They found a significant association between unhealthy 
eating patterns, marked by consumption of fast foods, high sodium and high fat 
foods, sweets, and sugar-sweetened beverages, and clusters of fast-food 
restaurants within a neighborhood (P<0.05). Kim and colleagues53 analyzed the 
relationship between obesity, physical inactivity, and social capital, or the 
resources within a society, produced similar results. The researchers used 
individual-level data, based on responses to the 2001 Behavioral Risk Factor 
Surveillance System (BRFSS) from 94,145 adults, 18 years of age and older, in 48 
states, and a number of state and county datasets. The results showed that 
individuals who reside in a county with social capital and resources above the 
county median had a lower odds of physical inactivity (OR=0.94, P<0.05) 
compared to those living in counties with less capital, even after controlling for 
race/ethnicity and gender.53 Since both frequent visits to fast-food restaurants 
and sedentary behavior have been associated with increased sugar-sweetened 
beverage consumption, realizing how the neighborhood environment promotes 
these risk factors is pivotal in understanding and addressing sugar-sweetened 
beverage intake.  
 Other researchers have identified the direct effect of neighborhood 
characteristics on the purchasing and consumption of sugar-sweetened 
beverages. O’Hearst and colleagues54 analyzed responses to a survey about 
perceived walking time to fast-food restaurants and convenience stores and 
purchasing of sugar-sweetened beverages from 634 adolescents, 14 to 15 years 
of age, from middle-class backgrounds, in the Twin Cities area, Minnesota. The 
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researchers reported significant, inverse relationships between daily sugar-
sweetened beverage purchases and perceived walking time to fast-food 
restaurants and convenience stores (P<0.05).54 In addition, Duran and 
colleagues55 collected data on fruit, vegetable, and sugar-sweetened beverage 
availability and consumption from 1,842 adults in 52 census tracts in Sao Paulo, 
Brazil. Their findings indicated that availability of a large variety of sugar-
sweetened beverages in local stores increased consumption of these drinks to 
five or more times per week by 15%, even after adjusting for age, sex, 
education, and income.55 Research that highlights the relationship between 
sugar-sweetened beverage consumption and the neighborhood environment 
suggests the need for a thorough understanding of influences within a 
community to deliver appropriate interventions.  
Other, related lifestyle factors that may affect sugar-sweetened beverage 
consumption are physical activity and sedentary behaviors. Using data from a 
survey of 15,283 students in middle and high school in Texas, Ranjit and 
colleagues56 examined associations between sugar-sweetened beverage 
consumption and physical activity. Measures of activity included the number of 
days per week that a student engaged in vigorous physical activity, 
participation in physical education class, and participation in organized or team 
sports. The researchers also identified correlations between beverage intake and 
sedentary behaviors, such as hours spent watching television, on the computer, 
or playing videogames. The results indicated a significant, positive correlation 
between the consumption of sugar-sweetened beverages and hours spent on all 
three sedentary behaviors (P<0.005 for all behaviors).56 On the other hand, the 
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researchers also found a significant, positive association between sports 
beverage consumption and all three active behaviors (P<0.05 for all 
behaviors).56 Ranjit et al.’s 56 findings are supported by the aforementioned 
analyses by Park and colleagues.50 Park and colleagues50 indicated that less than 
five days of 60 minutes of physical activity per week and greater than two 
hours a day of watching television are significant predictors of drinking more 
than one soda per day (1.23 and 1.72 OR, respectively, P<0.05) among high 
school males.50 However, in concordance with Ranjit et al.’s56 findings, students 
were significantly more likely to drink sports drinks one or more times per day 
if they engaged in physical activity on five or more days per week (P<0.05).50 
Overall, while evidence suggests a general decline in sugar-sweetened 
beverage intake by all Americans during the early 2000s to present day, certain 
factors increase the risk for excess consumption. These factors include being a 
child, adolescent, young adult, male, and/or black or a member of another 
racial minority; of low SES; frequent fast-food restaurant visits; sedentary 
behavior; and susceptibility to marketing influences. Depending on the level of 
influences in a certain area, populations can be more or less at risk for 
consuming large amounts of sugar-sweetened beverages. Thus, understanding 
a location’s characteristics, ranging from racial and SES makeup to the food 
environment, is pivotal in addressing issues with sugar-sweetened beverage 
intake and related health issues.  
Interventions and Policies for Sugar-sweetened Beverage Consumption 
 In light of the adverse health effects associated with excessive sugar-
sweetened beverage consumption, interventions and policies aimed at reducing 
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intake and promoting public health have been implemented in a number of 
different ways. These strategies range from state-level “soda taxes”	to school 
district bans on the availability of sugar-sweetened beverages in schools and 
nutrition education programs. Research on the effect of taxes, bans, and 
education suggests that the level of effectiveness depends on the type of 
intervention. It also indicates that school district and local initiatives are often 
more effective in reducing sugar-sweetened beverage consumption and 
encouraging healthier choices than statewide soda taxes.  
 As of January 2014, 34 states plus Washington, D.C. had an average tax 
of 3.5% on sodas sold in food stores, and 39 states plus Washington, D.C. had 
an average tax of 4.1% on sodas sold in vending machines.12 Investigations into 
the associations between soda taxes and their effect on reduced consumption 
and adolescent BMI fail to draw significant correlations, and highlight 
unintended consequences of such taxes, such as substituting soda consumption 
with other high-Calorie sugar-sweetened beverages. For example, research by 
Powell and colleagues16 utilized state-level data on soda taxes for food stores 
and vending machines from 1997 through 2006, as well as individual-level data 
on BMI of 153,673 students in eighth, 10th, and 12th grades throughout the 
United States during those same years, from the Monitoring the Future study. 
Their results indicated no significant effects of soda taxes on changes in BMI in 
the overall population of interest, but did suggest a trend (P<0.10) between 
implementing vending machine soda taxes and decreased BMI in teens already 
at-risk for overweight.16 From these results, the researchers drew the conclusion 
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that soda taxes may have to be much higher for them to positively affect 
adolescent health.  
These findings are supported by Sturm et al.18 who analyzed the 
implications of soda taxes on BMI as well as on consumption patterns in 
children. Their study included 2004 data on food intake from 7,300 fifth graders 
in the Early Childhood Longitudinal Study- Kindergarten Cohort, as well as 
information on state-level soda taxes from January 2004. Again, the findings 
highlighted no significant reductions in BMI or soda consumption in the overall 
population related to current soda taxes. However, the researchers did report 
significant associations between higher differential soda taxes, or greater taxes 
on soda compared to other foods, and lower consumption in African-
Americans and children of low-income families (P<0.05). Higher differential 
soda taxes were also correlated with lower BMI gain for heavier children at risk 
for overweight (P<0.01), and a decline in consumption at school for all children 
in states with these taxes (P<0.05), especially for African-American children 
(P<0.01).18 Offering further support for increasing soda taxes are the results of a 
USDA study that examined 1999 to 2004 NHANES data to model the theoretical 
implications of a higher tax. This examination concluded that a price increase of 
20% in taxes on sugar-sweetened beverages could cause a projected 13% 
reduction in individual energy intake, thus leading to a decrease in overweight 
and obesity for both children and adults.17   
Despite speculations that a higher soda tax may lead to significant 
declines in consumption and overweight, other researchers have suggested no 
such correlation. Fletcher and colleagues57 examined NHANES data from 1989 
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to 2006 on sugar-sweetened beverage consumption and BMI of 37,712 adults, 18 
years of age and older, to test whether or not theoretically higher soda tax rates 
could significantly affect weight gain. Their results suggested no significant 
decline in BMI in the population of interest as a result of larger percent soda 
taxes. In addition, this investigation yielded a trend (P<0.10) for a “substitution 
effect”	in the presence of a higher soda tax, in that adults may increase their 
consumption of other beverages high in energy and added sugar when sodas 
are more expensive.57 In another study, Fletcher et al.58 suggest similar support 
for the substitution effect, this time for 22,342 children and adolescents, 3 to 18 
years of age, in another examination of NHANES data from 1988 to 2006. With 
every percentage point increase in soda taxes, children increased their whole 
milk consumption by 12 grams (P<0.01), suggesting that any positive effects on 
consumption and weight gain resulting from taxes on sugar-sweetened 
beverages would be offset by substitutions with other beverages.58 
Aside from the aforementioned research that offers minimal support for 
positive public health benefits from soda taxes of any level, public opinion also 
discourages the implementation of taxes. In a 2014 study on Americans’	
opinions about policies involving sugar-sweetened beverage consumption, 
Gollust and colleagues59 created an Internet survey for 1,319 adults, 18 to 64 
years of age, with questions about Calorie labeling, removing soft drinks from 
schools, soda taxes, and portion size restrictions. According to the results, 65% 
and 62% of respondents supported labeling and banning sugar-sweetened 
beverages in schools, respectively, whereas only 22% and 26% supported taxes 
and restrictions on how much one can drink, respectively.59 Such low support 
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for soda taxes was also highlighted in another public opinion survey of 1,029 
adults, 18 years of age and older, that analyzed attitudes about different anti- 
and pro-tax arguments. Respondents to this survey endorsed no pro-tax 
arguments, but did agree with anti-tax opinions that pin sugar-sweetened 
beverages as unsuccessful and unpopular since they do not reduce the 
consumption of other unhealthy options (60% of respondents), they are an easy 
way for the government to gain revenue (58%), and they are harmful to low-
income families who purchase cheap beverages (51%).60 
Overall, both research and public opinion do not provide support for 
soda taxes as a way to address obesity and other health issues related to 
excessive sugar-sweetened beverage consumption. These taxes, whether on the 
low or high end of the spectrum, may encourage a substitution effect.57,58 
However, some studies on sugar-sweetened beverage taxes indicate positive 
effects for populations at risk of high intake, such as racial/ethnic minority 
individuals and those of low SES.59 Despite these findings, there is room for 
improvement of state-level policies addressing sugar-sweetened beverage 
consumption, as well as a need for other types of interventions that may have 
more of an effect. 
Separate from statewide soda taxes, states and school districts, or just 
districts alone, may impose bans on the availability and sale of sodas and other 
sugar-sweetened beverages in the school environment. While some researchers 
have shown a positive association between high statewide soda taxes and 
stronger school beverage policies, there is no strong concordance between state 
taxes and school guidelines. Greathouse et al.61 found that 6,900 students in 
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public schools throughout 40 states with different types of policies:	no 
regulations, just soda bans, or restrictions on all sugar-sweetened beverages,	
did not significantly differ in their daily sugar-sweetened beverage 
consumption and purchasing.  
On the other hand, Taber and colleagues20 highlighted that some policies, 
specifically those that target the sale of sodas and other junk foods at concession 
stands in schools, are correlated with a significantly lower mean number of 
daily soda servings (P=0.01) among 90,730 students in 33 states who completed 
the Youth Risk Behavior Survey.20 However, an additional investigation by 
Taber et al21 on state bans on sugar-sweetened beverage access in schools 
suggested a resulting substitution effect. Their results indicated that, among a 
sample of 8,696 high school students in 27 states who completed the National 
Youth Physical Activity and Nutrition Study, adolescents instead consumed 
more sports drinks, energy drinks, coffee/tea, and other sugary beverages 
when sugar-sweetened beverages were banned.21 Lastly, supported by 
aforementioned research, statewide bans on sodas in high schools may lead to 
significantly lower soda consumption (P<0.05) among African-American 
students at-risk for higher intake, but not among any other groups in the 
population.20 
Studies on the effect of school district, as opposed to statewide, beverage 
policies highlight more positive results, although the research is limited. For 
example, an examination by Johnson et al.13 of school district beverage 
guidelines in Washington middle schools and consumption data from 9,151 
students who completed a Beverage and Snack Questionnaire, emphasized a 
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significant positive correlation (P<0.001) between student sugar-sweetened 
beverage consumption and exposure at school.13 These results are corroborated 
by research on sugar-sweetened beverage availability and consumption in 
California schools that detailed a significant increase in intake of 0.170 drinks 
per day (P<0.05), among 3,983 students, 14 years of age, in schools with 
vending machines with sugar-sweetened beverages, compared to those without 
access to these drinks.23 Furthermore, Johnson and colleagues indicated that the 
amount of students drinking sugar-sweetened beverages was inversely 
correlated with the strength of sugar-sweetened beverage policies (P<0.001), 
ranked on a scale of 0 to 3.13 The results of a final study in support of school 
district beverage ban indicated that, among a nationally representative 
population of 8,058 students in grades 6 through 10, purchasing sugar-
sweetened beverages from the school cafeteria made students two times and 
three times more likely to be moderate or high consumers, respectively.24 
Research on school sugar-sweetened beverage bans, whether initiated by the 
state and/or the district, suggests inconclusive results, indicating that 
significant decreases in the consumption of sugar-sweetened beverages by 
school children may depend on the implementation of different interventions.  
To date, the interventions that are most influential in reducing sugar-
sweetened beverage intake remain tailored education programs, although 
research in this area is also limited. A meta-analyses of intervention control 
trials that involved greater than or equal to 100 children, 2 to 18 years of age, of 
all weight categories, and focused on reducing the consumption of sugary 
beverages, highlighted six of eight qualified interventions as influencing factors 
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in significant decreases in sugar-sweetened beverage intake among 
participants. Specifically, the researchers found that educational programs 
focused on reducing sugar-sweetened beverage intake integrated into the 
school curriculum had a significant effect on decreasing consumption and BMI 
among the overweight and obese students. However, these changes were 
difficult to maintain after the conclusion of the program, indicating a possible 
need for follow-up sessions.14  
Although nutrition education appears to be the best method for reducing 
sugar-sweetened beverage intake among students, other research suggests 
otherwise. Bea and colleagues25 assessed the influence of education sessions 
about sweetened beverages for fourth and fifth grade students in a cohort of 
Supplemental Nutrition Assistance Program (SNAP) Education schools in the 
University of Arizona Nutrition Network. Their results indicated no significant 
decrease in sugar-sweetened beverage consumption after the education.25 
Furthermore, an analysis of the effect of the HEALTHY Study intervention on 
sugar-sweetened beverage intake suggests similar results. The nutrition 
component of the HEALTHY Study implemented in intervention schools 
focused on five goals: lowering average fat content of foods, increasing 
availability of fruits and vegetables, limiting portion sizes of desserts and 
snacks, eliminating whole and 2% milk products plus all added sugar 
beverages, and increasing higher fiber foods.62 In addition to eliminating added 
sugar beverages, intervention schools offered water for lower prices and 
flavored milks at 1% or less fat in portions less than 12 ounces.62 Siega-Riz et 
al.63 analyzed the effect of the HEALTHY nutrition intervention on 
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consumption of added sugar beverages between intervention and control 
schools before and after the study. The researchers found no significant 
difference in mean intake of added sugar beverages between control and 
intervention schools, but did note a significant increase in water intake in 
intervention schools.63 
 Interventions that address excess sugar-sweetened beverage 
consumption include statewide soda taxes, bans on beverages in schools 
initiated by states and/or the district, and nutrition education programs 
focused on sugary drinks. While research on all three different types suggests 
contradictory results, limited access to sugar-sweetened beverages imposed by 
the school district, as well as some types of nutrition education appear to be the 
most effective in contributing to significant declines in consumption. This 
makes the interventions applied in the HEALTHY study of particular interest to 
the current study. While the curriculum of HEALTHY particularly focused on 
addressing risk factors for type 2 diabetes mellitus, a portion of the program 
emphasized the importance of reducing intake of sugary beverages. To 
contribute to the current inconclusive literature on the effectiveness of 
initiatives and nutrition education aimed at reducing sugar-sweetened 
beverage intakes, the present study aimed to test the impact of HEALTHY on 
sweetened drink consumption in a different way than Siega-Riz et al.63 As 
detailed in Chapter 3, the present study aimed to analyze differences in the type 
of beverage consumption as well as in aggregate intake by school and grade, in 
addition to each school’s designation as intervention or control. 
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CHAPTER 3: METHODOLOGY 
The present study was approved by the Institutional Review Board (IRB) 
of Drexel University with a Letter of Determination in December 2015. With 
IRB approval, an application for the HEALTHY Study dataset from the 
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) 
Central Repository was completed and submitted by Dr. Stella Volpe, a 
member of the HEALTHY Study team of investigators, and Chair of my thesis 
committee. Upon the approval of this application and receipt of the dataset, 
statistical analysis using IBM SPSS Version 23 was completed.  
Data of Interest 
Methodology of the present study included a secondary data analysis of 
variables collected from the three-year HEALTHY Study.15 The HEALTHY 
Study was a multi-dimensional program that targeted risk factors for type 2 
diabetes mellitus in children at high-risk for type 2 diabetes mellitus, from 
racial/ethnic and socioeconomic groups. The focus of this thesis will be on the 
sugar-sweetened beverage consumption of the middle-school children who 
participated in the HEALTHY Study. 
The HEALTHY Study was funded by the NIDDK of the National 
Institutes of Health (NIH), with support from the American Diabetes 
Association. The field centers that participated in the HEALTHY Study 
included the following: Baylor College of Medicine, Houston, Texas; University 
of California at Irvine, Irvine, California; University of North Carolina, Chapel 
Hill, North Carolina; Oregon Health and Science University, Portland, Oregon; 
University of Pennsylvania and Temple University, Philadelphia, Pennsylvania; 
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and University of Texas Health Science Center, San Antonio, Texas. The 
Coordinating Center for the HEALTHY Study was George Washington 
University in Washington, D.C.15 
Each site included three intervention schools and three control schools, 
for a total of 42 participating schools and 4,603 students. Each site included 
three intervention schools and three control schools, for a total of 42 
participating schools. Baseline measurements of students in 6th grade began in 
2006 and final measurements were conducted in the same children in 8th grade 
in 2009. Although many measurements were taken during the three-year 
intervention, the main outcome measures that were collected in both control 
and intervention schools (n=4,603) were body mass index (BMI), waist 
circumference, and fasting glucose and insulin concentrations.15  
In addition, students in both control and intervention schools completed 
food frequency questionnaires at the beginning of 6th grade and end of 8th grade. 
These questionnaires included a number of questions about sugar-sweetened 
beverage intake, and thus provide the data of interest for the present study. 
Following the completion of baseline measurements, students enrolled in 
intervention schools received ecological programming focused on changes in 
nutrition intake (e.g., via changes in the cafeteria and vending machines), 
physical activity (e.g., via changes in physical education classes) and health 
behavior changes (e.g., via changes in health classes) during 6th, 7th, and 8th 
grades.15 
 The programming’s nutrition component included lowering average fat 
content of foods, increasing availability of fruits and vegetables, limiting 
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portion sizes of desserts and snacks, eliminating whole and 2% milk products 
plus all added sugar beverages, and increasing higher fiber foods.62 In addition 
to eliminating added sugar beverages, intervention schools offered water for 
lower prices and flavored milks at 1% or less fat in portions less than 12 
ounces.62 
Due to the complexity of the HEALTHY Study, the dataset from NIDDK 
contained a multitude of data points. However, the present study specifically 
examined the following variables:  
- SCHOOLID: the identification code for each control and intervention 
school 
- GRADE: the grade of the students when a measurement was taken 
- CHOCMLKF: Frequency, chocolate milk or other flavored milks 
o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
- SODAFRQ: Frequency, sodas like Coke, Dr. Pepper, 7-Up, Sprite, 
Sunkist, Orange crush (not counting diet sodas) 
o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
- KOOLAIDF: Frequency, Hawaiian Punch, Kool-Aid, Sunny Delight, 
Gatorade, Iced Tea, Snapple 
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o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
- TANGFRQ: Frequency, Hi-C, Tang, Tampico, Mr. Juicy, Sips punch 
o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
The data of interest are stored on a Drexel University-supported, 
password protected desktop computer. Specifically, the data are stored on 
Drexel University, Department of Nutrition Sciences secure server within Dr. 
Volpe’s own research server, created by the College of Nursing and Health 
Professions’ Information Technology Department. 
Statistical Analyses 
 IBM SPSS Version 23 software and Microsoft Excel were used for 
statistical analyses in the present study. First, CHOCMLKF, SODAFRQ, 
KOOLAIDF, and TANGFRQ, were added together to create an aggregate 
number of days of sugar-sweetened beverage intake per week for each student 
in the 6th grade and again for each student in the 8th grade at all participating 
schools. The intake of each beverage, as well as aggregate intake for each 
student, was then compiled into two Excel worksheets containing each 
student’s school ID and the school’s designation as intervention or control for 
both 6th and 8th grades. Multivariate Analyses of Variance (MANOVA) with two 
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factors and post-hoc tests were performed, with the level of significance α-value 
established a-priori at 0.05. 
Two-factor Multivariate Analysis of Variance (MANOVA) 
Specific Aim #1 
The first Multivariate Analysis of Variance MANOVA included the 
independent variables of: 1) grade and 2) each school’s designation as 
intervention or control, and the dependent variables of: 1) mean sugar-
sweetened beverage intake for all students at the beginning of 6th grade and end 
of 8th grade in intervention and control schools, and 2) mean CHOCMLKF, 
SODAFRQ, KOOLDAIDF, and TANGFRQ for all students at the beginning of 
6th grade and end of 8th grade in intervention and control schools. The results of 
this analyses indicated if sugar-sweetened beverage intake by adolescents 
varied significantly by grade, and/or each school’s designation as an 
intervention or control school.  
Specific Aim #2 
 The second MANOVA included the independent variables of: 1) school 
ID and 2) each school’s designation as intervention or control, and the 
dependent variables of: 1) mean sugar-sweetened beverage intake for all 
students at the beginning of 6th grade and in each intervention and control 
school, and 2) mean CHOCMLKF, SODAFRQ, KOOLAIDF, and TANGFRQ for 
all students at the beginning of 6th grade and in each intervention and control 
school. The results of this analyses indicated if the aggregate intake and type of 
sugar-sweetened beverage consumed by adolescents varied significantly by 
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school and/or each school’s designation as an intervention or control school at 
the beginning of 6th grade.  
Specific Aim #3 
 The third MANOVA included the independent variables of: 1) school ID 
and 2) each school’s designation as intervention or control, and the dependent 
variables of: 1) mean sugar-sweetened beverage intake for all students at the 
end of 8th grade and in each intervention and control school, and 2) mean 
CHOCMLKF, SODAFRQ, KOOLAIDF, and TANGFRQ for all students at the 
end of 8th grade and in each intervention and control school. The results of this 
analyses indicated if the aggregate intake and type of sugar-sweetened 
beverage consumed by adolescents varied significantly by school and/or each 
school’s designation as an intervention or control school at the end of 8th grade.  
Post-hoc Tests 
 In the case that the MANOVA tests indicated a significant influence of 
the independent variables on the dependent variables, a Bonferroni post-hoc 
test was performed. The results of the post-hoc test indicated which 
independent variables significantly had a significant effect on which dependent 
variables. 
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CHAPTER 4: JOURNAL MANUSCRIPT 
The following chapter is written as a manuscript for the Journal of School Health.  
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ABSTRACT 
BACKGROUND: Sugar-sweetened beverage consumption has been linked to 
health issues, such as obesity and type 2 diabetes mellitus. Adolescents in the 6th 
through 8th grades are at increased risk for heavy consumption, due to peer 
influences and increased purchasing power. The purpose of the present study 
was to analyze sugar-sweetened beverage intake by students in the HEALTHY 
Study.  
METHODS: Multivariate analyses of variance were performed to assess 
differences in the frequencies of total sugar-sweetened beverage intake, as well 
as of chocolate milk, soda, Kool Aid, and Tang consumption, among 4,603 
students in the HEALTHY Study.  
RESULTS: All students had a significantly higher mean intake of soda 
(P<0.0001) and Kool Aid (P<0.0001), and a significantly lower intake of Tang 
(P<0.0001), in 8th grade compared to 6th grade. Students in control schools had a 
lower intake of soda and Kool Aid in 6th grade and a higher intake of these 
beverages in 8th grade, compared to students in intervention schools. 
CONCLUSIONS: These findings may offer support for the effectiveness of the 
HEALTHY programming in influencing healthier behaviors in intervention 
schools. However, our results suggest that school-based nutrition interventions 
do not have a meaningful impact on behaviors involving sugar-sweetened 
beverage intake.  
BACKGROUND 
 
The link between sugar-sweetened beverage consumption and adverse 
health effects remains an important topic of research and a controversial subject 
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of local, statewide and national policy. Evidence indicates strong correlations 
between drinking large amounts of sugar-sweetened beverages and the 
development of obesity, type 2 diabetes mellitus, and related health 
problems.1,2,3,4,5,6,7,8,9 Individuals of low socioeconomic status (SES), as well as 
certain racial/ethnic populations, may consume more sugar-sweetened 
beverages on average, and thus, be at an even higher risk for these health 
problems.10 In addition, trends in consumption differ by region, state, city, and 
even neighborhood across the United States.11 As a result of this evidence and 
the public health implications, policy makers and health officials have made 
efforts to limit sugar-sweetened beverage availability and consumption.12 These 
efforts have varied in scope and complexity and continue to influence patterns 
of sugar-sweetened beverage intake and related health effects.  
The health problems that may result from excessive sugar-sweetened 
beverage consumption, and the efforts to reduce consumption and access to 
these beverages, are especially visible in the adolescent population and the 
school environment. Students in the sixth through eighth grades are at-risk for 
increased intake of sugar-sweetened drinks, since they become more 
autonomous in their food and beverage purchases and more subject to peer 
influences.13 In light of the prevalence of childhood obesity, the association 
between sugar-sweetened beverage consumption and weight gain has led to a 
multitude of efforts to limit the availability and consumption of sugar-
sweetened beverages in the school-age population.14,15,16,17 Nonetheless, these 
efforts have differed across states and school districts, and may therefore have 
varied effects on sugar-sweetened beverage consumption and availability 
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trends. The present study aims to assess the variability in frequency of sugar-
sweetened beverage consumption by adolescents in the sixth through eighth 
grades enrolled in 42 different schools in seven cities across the United States.  
Methodology of this study includes a secondary data analyses of 
variables of sugar-sweetened beverage intake collected from the HEALTHY 
Study intervention, a multi-dimensional, ecological program that targeted risk 
factors for type 2 diabetes mellitus in children at high-risk from racial/ethnic 
and socioeconomic groups. The HEALTHY Study provides an ideal dataset for 
these analyses, because this intervention followed 4,603 students from the sixth 
through eighth grades in seven different areas across the United States from 
2006 through 2009.  
The methodology and results of the HEALTHY study have been 
previously documented in a number of publications.18,19,20 At each of the seven 
field centers that participated in the HEALTHY Study, three schools were 
randomly designated as control schools and three schools were randomly 
designated as intervention schools. The intervention schools received 
programming that focused on nutrition, physical activity, behavior change, and 
marketing. The nutrition component included lowering average fat content of 
foods, increasing availability of fruits and vegetables, limiting portion sizes of 
desserts and snacks, eliminating whole and 2% milk products plus all added 
sugar beverages, and increasing higher fiber foods.20 In addition to eliminating 
added sugar beverages, intervention schools offered water for lower prices and 
flavored milks at 1% or less fat in portions less than 12 ounces.20 
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An analyses of the impact of the HEALTHY Study intervention on 
dietary intake indicated no significant differences in the sugar-sweetened 
beverage consumption between students in control and intervention schools.20 
The present study aimed to provide an additional, in-depth exploration of the 
sugar-sweetened beverage intake of the HEALTHY population. The purpose of 
this study was to analyze if mean frequency of intake of all sugar-sweetened 
beverages, as well as the mean frequency of intake of specific types of 
beverages, varied by 1) grade, 2) school, and/or 3) each school’s designation as 
a HEALTHY intervention or control school.  
METHODS 
Procedure 
The present study was approved by the Institutional Review Board (IRB) 
of Drexel University with a Letter of Determination in December 2015 
(Appendix 1). With IRB approval, an application for the HEALTHY Study 
dataset from the National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) Central Repository was completed and submitted by Dr. 
Stella Volpe, a member of the HEALTHY study team of investigators. Upon the 
approval of this application and receipt of the dataset, statistical analyses in 
IBM SPSS Version 23 and Microsoft Excel were completed.   
 The current study analyzed data from food frequency questionnaires 
completed by students in both control and intervention schools at the beginning 
of sixth grade and end of eighth grade. Specific data of interest were:  
- SCHOOLID: the identification code for each control and intervention 
school 
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- GRADE: the grade of the students when a measurement was taken 
- CHOCMLKF: Frequency, chocolate milk or other flavored milks 
o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
- SODAFRQ: Frequency, sodas like Coke, Dr. Pepper, 7-Up, Sprite, 
Sunkist, Orange crush (not counting diet sodas) 
o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
- KOOLAIDF: Frequency, Hawaiian Punch, Kool-Aid, Sunny Delight, 
Gatorade, Iced Tea, Snapple 
o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
- TANGFRQ: Frequency, Hi-C, Tang, Tampico, Mr. Juicy, Sips punch 
o Student responses coded as: 1 = None; 2 = 1 day in the past week; 3 = 2 
days in the past week; 4 = 3 to 4 days in the past week; 5 = 5 to 6 days in 
the past week; 6 = Every day in the past week; “.” = Missing 
The data of interest were stored on a Drexel University-supported, 
password protected desktop computer. Specifically, the data were stored on 
Drexel University, Department of Nutrition Sciences secure server within Dr. 
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Volpe’s own research server, created by the College of Nursing and Health 
Professions’ Information Technology Department. 
Data Analyses 
 IBM SPSS Version 23 software and Microsoft Excel were used for 
statistical analyses in the present study. First, CHOCMLKF, SODAFRQ, 
KOOLAIDF, and TANGFRQ were added together to create an aggregate 
number of days of sugar-sweetened beverage intake per week for each student 
in the sixth grade and again for each student in the eighth grade at all 
participating schools, using Microsoft Excel. The frequency of intake of each 
beverage, as well as frequency of total sugar-sweetened beverage intake for 
each student, was then compiled into two Excel worksheets containing each 
student’s school ID and the school’s designation as intervention or control in: 1) 
sixth grade and 2) eighth grade. Multivariate Analyses of Variance (MANOVA) 
with two factors and Bonferroni post-hoc tests were performed, with the level 
of significance α-value established a-priori at 0.05. 
The first MANOVA included the independent variables of: 1) grade and 
2) each school’s designation as intervention or control, and the dependent 
variables of: 1) frequency of total sugar-sweetened beverage intake for all 
students at the beginning of sixth grade and end of eighth grade in intervention 
and control schools, and 2) frequency of intake of CHOCMLKF, SODAFRQ, 
KOOLDAIDF, and TANGFRQ for all students at the beginning of sixth grade 
and end of eighth grade in intervention and control schools. The results of these 
analyses indicated if frequency of total intake and type of beverage intake by 
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adolescents varied significantly by grade and/or each school’s designation as 
an intervention or control school. The MANOVA also identified the effect of the 
interaction of independent variables on dependent variables. 
 The second MANOVA included the independent variables of: 1) school 
ID and 2) each school’s designation as intervention or control, and the 
dependent variables of: 1) frequency of total sugar-sweetened beverage intake 
for all students at the beginning of sixth grade in intervention and control 
schools, and 2) frequency of intake of CHOCMLKF, SODAFRQ, KOOLDAIDF, 
and TANGFRQ for all students at the beginning of sixth grade in intervention 
and control schools. The results of these analyses indicated if frequency of total 
intake and type of beverage intake by adolescents varied significantly by school 
and/or each school’s designation as an intervention or control school at the 
beginning of sixth grade.  
 The third MANOVA included the independent variables of: 1) school ID 
and 2) each school’s designation as intervention or control, and the dependent 
variables: of 1) frequency of total sugar-sweetened beverage intake for all 
students at the end of eighth grade in intervention and control schools, and 2) 
frequency of intake of CHOCMLKF, SODAFRQ, KOOLDAIDF, and TANGFRQ 
for all students at the end of eighth grade in intervention and control schools. 
The results of these analyses indicated if frequency of total intake and type of 
beverage intake by adolescents varied significantly by school and/or each 
school’s designation as an intervention or control school at the end of eighth 
grade.  
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 In the case that the MANOVA tests indicated a significant influence of 
the independent variables on the dependent variables, a Bonferroni post-hoc 
test was performed. The results of the post-hoc test indicated the dependent 
variables on which the interaction of the independent variables had a 
significant impact. 
RESULTS 
 The results of the first MANOVA indicated that the mean frequency, 
defined as days per week, of total sugar-sweetened beverage intake by all 
students differed significantly by grade (P<0.001), as a result of significant 
differences in the mean frequency of intake of soda, Kool Aid, and Tang drinks 
by all students. As detailed in Tables 1 and 2, all students had a significantly 
higher mean intake of soda (mean difference ± standard error =0.03±0.0291, 
P<0.0001) and Kool Aid (mean difference=0.01±0.028, P<0.0001), and a 
significantly lower intake of Tang (mean difference=-0.06±0.019, P<0.0001), in 
eighth grade compared to sixth grade. A school’s designation as intervention or 
control did not significantly influence intake, but the interaction of grade and 
school designation had a significant effect on soda (P=0.049) and Kool Aid 
(P=0.025) intake. Figures 1 and 2 indicate that students in the control schools 
had a slightly lower intake of soda and Kool Aid at baseline in the beginning of 
the sixth grade, but a higher intake of these beverages at the end of eighth 
grade, compared to students in intervention schools. There was no statistically 
                                                
1	± = Standard Error	
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significant difference in the frequency of chocolate milk intake between 
students in different grades or between control or intervention schools.  
 The results of the second and third MANOVAs included descriptive 
statistics that indicated the range of mean frequencies of different types of 
sugar-sweetened beverages and the number of control and intervention schools 
in each section of the range. These results are displayed in Figures 3 through 6. 
The analyses also indicated that the average frequency of total intake and of 
intake of each type of beverage significantly differed by school in both sixth and 
eighth grades (P<0.001). At the beginning of sixth grade, students in 
intervention schools did not differ significantly from students in control schools 
in terms of mean frequency of aggregate intake or of intake of specific drinks. 
Conversely, students in control schools had significantly higher intakes of soda 
(P=0.001) and Kool Aid (P=0.003) at the end of eighth grade compared to 
students in intervention schools at this time. The details of these results are 
displayed in Tables 3 through 6.   
DISCUSSION 
Limitations 
 The present study several limitations. First, the data set did not include 
the geographic locations of each school, preventing any insight into the 
demographics of the school population and the neighborhood food 
environment. Since regional differences in sugar-sweetened beverage intake 
exist, knowing the location of each school may have provided additional insight 
into reasons for the variations in frequency of sugar-sweetened beverage 
consumption based on school reported by this study. In addition, the study 
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included data from self-reported responses that may not have accurately 
represented the mean frequency of sugar-sweetened beverage intake. Students 
may have misunderstood questions or failed to recognize certain beverage 
types, causing them to incorrectly report consumption frequencies. Finally, the 
data represented the number of days per week that a student consumed sugar-
sweetened beverages, but did not indicate the portion sizes of these beverages 
when consumed.  
Conclusions 
 Analyses from the present study indicated that the mean frequency of 
total sugar-sweetened beverage intake significantly differed by grade, and that 
students in all schools had a significantly higher frequency of soda and Kool 
Aid intake from the sixth to eighth grades. These results do not support the 
overall decrease in sugar-sweetened beverage intake by children and 
adolescents in the United States between the years of 2001 and 2010.21 However, 
the study only included responses from sixth and eighth graders, as opposed to 
children of all ages. Due to the increased autonomy of food and beverage intake 
and peer influences specific to this population, the frequency of sugar-
sweetened beverage consumption by middle school students may not follow 
the gradual decline in intake for the entire child and adolescent age group.  
 All three statistical analyses showed that there were no significant 
differences in the frequency of chocolate milk intake by grade, school, and the 
school’s designation as intervention or control. These findings are inconsistent 
with research that supports a “substitution effect” that occurs when students 
replace sugar-sweetened beverages that are not offered with accessible sweet 
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drinks, often flavored milks.22 In the HEALTHY Study, students in intervention 
schools did not have access to any added sugar beverages, aside from flavored 
milks served in portions less than 12 ounces. However, it appears that these 
students did not increase their intake of the offered milks to replace 
(“substitute”) the lack of other sugar-sweetened beverages offered in their 
schools.   
 At both the beginning of sixth grade and end of eighth grade, the mean 
frequency of intake of each type of sugar-sweetened beverage significantly 
differed by school. A potential explanation for these findings comes from 
conclusions by Carroll-Scott and colleagues23 that the specific food environment 
of an individual influences their food and beverage consumption. Since the 
HEALTHY Study schools were in different neighborhoods and cities across the 
United States, the surrounding food environments most likely had dissimilar 
structures and components, and thus, varying effects on food and beverage 
intake. In addition, individual school food environments can also influence 
dietary patterns of students in unique ways. For example, students in schools 
with access to vending machines and snack bars are more likely to eat less fruits 
and vegetables, and consume more total and saturated fat.24,25 
 Finally, the results are consistent with findings that nutrition 
interventions aimed at encouraging healthier choices and decreasing sugar-
sweetened beverage intake have little to no effect on school-age children.16,17 
Through our secondary data analyses of the HEALTHY Study, we found no 
significant differences in frequency of intake of total sugar-sweetened 
beverages, as well as of each type of sugar-sweetened beverage analyzed, 
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between intervention and control schools, aside from a smaller increase in soda 
and Kool Aid consumption in intervention schools from sixth to eighth grades 
compared to their control counterparts. These findings may offer support for 
the effectiveness of the HEALTHY programming in influencing healthier 
behaviors in intervention schools despite a general increase in soda and Kool 
Aid intake. However, since there was no significant decline in the frequency of 
consumption in intervention schools compared to control schools, our results 
suggest that nutrition interventions do not have a meaningful impact on 
student behaviors involving sugar-sweetened beverage intake. Schools are still 
important venues for nutrition interventions; however, involvement from the 
communities and families may be needed to have the greatest change on 
children’s sugar-sweetened beverage consumption. 
IMPLICATIONS FOR SCHOOL HEALTH 
 The results of the present study offer insight into the trends in sugar-
sweetened beverage intake among middle schools students throughout the 
United States. Understanding these trends is pivotal to implementing effective 
solutions to reduce sugar-sweetened beverage consumption in the school 
environment. In general, students consumed more soda and Kool Aid, but less 
Tang, from the sixth through eighth grades. Students in intervention schools 
consumed less soda and Kool Aid than their peers in control schools at the end 
of eighth grade, but still had an overall increase in consumption. These results 
suggest that the removal of all added sugar beverages, with the exception of 
flavored milks, in HEALTHY intervention schools did not significantly affect 
consumption patterns. Students in the sixth through eighth grades also have 
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increased purchasing power and more autonomy in their food and beverage 
choices, perhaps allowing them to purchase beverages they cannot access in 
school through outside sources.  
In light of these results, future efforts by school health officials should 
focus on two areas: the school environment as well as the neighborhood food 
environment. First, school officials should implement curriculum in health and 
science classes that encourages the consumption of water or other healthier 
beverages and the reduction of the identified “problem” beverages from the 
HEALTHY Study, soda and Kool Aid drinks. In addition, schools must 
collaborate with local departments of public health to identify possible 
improvements in the neighborhood food environments to reduce the 
purchasing of sugar-sweetened beverages outside of school. Restructuring the 
food environment to increase access to healthier, affordable beverage choices 
will require the insight of many different institutions, but can result in 
improved food and beverage choices by middle school students.  
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Tables for Journal Manuscript 
 
Table 1. Total Beverage Intake by Grade and School Designation 
Influence on Beverage Intake Wilks’ Lambda F-value P-value 
Grade 0.987 37.014 <0.001* 
 
Designation as Intervention or 
Control 
1.000 1.246 0.289 
Interaction between Grade and 
School 
0.999 2.933 0.020** 
*Significant difference in frequency of sugar-sweetened beverage intake by 
grade 
**Significant interaction between grade and school designation in frequency of 
sugar-sweetened beverage intake 
 
 
 
Table 2. Type of Beverage Intake by Grade  
Type of 
Beverage 
Intake 
Mean intake 
(days per 
week) 
Mean 
Difference 
Standard 
Error 
P-value 
Chocolate 
Milk 
6th grade: 1.63 
8th grade: 1.67 
 
0.04 
 
0.035 0.266 
Soda 6th grade: 1.80 
8th grade: 2.10 
 
0.03 0.029 0.0001* 
Kool Aid 6th grade: 1.30 
8th grade: 1.40 
 
0.01 0.028 0.0001* 
Tang 6th grade: 0.50 
8th grade: 0.44 
 
-0.06 0.019 0.0001** 
*8th graders had a significantly greater frequency of soda and Kool Aid 
consumption compared to 6th graders 
**6th graders had a significantly greater frequency of Tang consumption 
compared to 8th graders 
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Table 3. Beverage Intake by School and School Designation ~ 6th grade 
 
Influence on 
Beverage Intake in 
6th Grade 
Wilks’ Lambda F-value P-value 
School 0.879 4.636 <0.001* 
 
Designation as 
Intervention or 
Control 
1.000 Exact statistic 0.624 
*Significant difference in frequency of sugar-sweetened beverage intake by 
school 
 
 
 
Table 4. Type of Beverage Intake by School Designation ~ 6th grade 
 
Type of 
Beverage 
Intake 
Mean Intake 
(days per week) 
Mean 
Difference 
Standard 
Error 
P-value 
Chocolate 
Milk 
Control: 1.68 
Intervention: 
1.64 
 
-0.04 0.051 0.416 
Soda Control: 1.77 
Intervention: 
1.79 
 
0.02 0.042 0.669 
Kool Aid Control: 1.29 
Intervention: 
1.34 
 
0.05 0.040 0.247 
Tang Control: 0.49 
Intervention: 
0.48 
 
-0.01 0.029 0.744 
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Table 5. Beverage Intake by School and School Designation ~ 8th grade 
 
Influence on Beverage 
Intake in 6th Grade 
Wilks’ 
Lambda 
F-value P-value 
School 0.845 6.168 <0.001* 
 
Designation as 
Intervention or Control 
0.996 5.395 <0.001** 
*Significant difference in frequency of sugar-sweetened beverage intake by 
school 
**Significant difference in frequency of sugar-sweetened beverage intake by 
school designation 
 
 
 
Table 6. Type of Beverage Intake by School Designation ~ 8th grade 
 
Type of 
Beverage 
Intake 
Mean Intake (days 
per week) 
Mean 
Difference 
Standard 
Error 
P-value 
Chocolate 
Milk 
Control: 1.67 
Intervention: 1.73 
0.06 0.052 0.243 
Soda Control: 2.17 
Intervention: 2.03 
 
-0.14 0.043 0.001* 
Kool Aid Control: 1.49 
Intervention: 1.37 
 
-0.12 0.043 0.003** 
Tang Control: 0.423 
Intervention:0.421 
 
-0.002 0.028 0.946 
*Students in control schools had a significantly higher frequency of intake of 
soda in 8th grade 
**Students in control schools had a significantly higher frequency of intake of 
Kool Aid in 8th grade 
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Table 7. Beverage Intake by Grade and School Designation 
 
Type of Beverage 
Intake 
Mean Intake 
(days per week) 
Standard Error P-value 
Chocolate Milk 
Control 
6th grade: 1.63 
8th grade: 1.61 
0.035 0.101 
Chocolate Milk 
Intervention 
6th grade: 1.62 
8th grade: 1.72 
0.035 0.101 
Soda Control 6th grade: 1.78 
8th grade: 2.15 
0.029 0.049* 
Soda Intervention 6th grade: 1.80 
8th grade: 2.06 
0.029 0.049* 
Kool Aid Control 6th grade: 1.28 
8th grade: 1.44 
0.028 0.025** 
Kool Aid 
Intervention 
6th grade: 1.32 
8th grade: 1.36 
0.028 0.025** 
Tang Control 6th grade: 0.51 
8th grade: 0.45 
0.019 0.963 
Tang Intervention 6th grade: 0.49  
8th grade: 0.43 
0.019 0.963 
*Significantly greater frequency of soda consumption from 6th to 8th grade in 
both control and intervention schools 
**Significantly greater frequency of Kool Aid consumption from 6th to 8th grade 
in both control and intervention schools 
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Figures for Journal Manuscript 
 
 
 
 
 
Figure 1. Frequency of soda consumption by grade and school designation. 
Values represent means ± standard error 
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Figure 2. Frequency of Kool Aid consumption by grade and school 
designation. 
Values represent means ± standard error 
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Figure 3. Number of schools by days of chocolate milk intake per week. 
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Figure 4. Number of schools by days of soda intake per week. 
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Figure 5. Number of schools by days of Kool Aid intake per week. 
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Figure 6. Number of schools by days of Tang intake per week. 
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